Evidence for B~ @@and
Bys2VV decays at CDF
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* B decays to Vector Vector
Bs phenomenology
Recall on B,.=>J/y @ angular analysis and Al

The SVT trigger and B, 4, charmless VV
decays

» Observation of B> @@decays
— BR and ACP for B2 @K
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Different helicity amplitudes contribute, expressing the decay rate in terms
of linear polarization amplitudes:
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*Measuring angular distribution of decay products determine pol. amplitudes and
their relative phases through interference effects

*New Physics could be detected by CP violation in any of the amplitudes and
different models generate different patterns of CP violation (e.g. in the B > @K™
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- With 260 pb! of data
measure (time dependent)
polarization amplitudes from
angular distribution of
B,~VV and B;>VV

-B4 amplitudes compare
well with Babar/Belle

-Extract AI' from time
dependent By

- With ~200 signal events
CDF finds a large value for
the lifetime difference (1/84
odds of being compatible
with the SM value 0.12, ~3
sigma away from Al =0)

-Tantalizing for untagged
CP violation studies in B
decays exploiting a large
Al
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Untagged Bs decays

« Sizeable Al's would be good news for untagged studies

— hadron colliders colliders like them most because of the lower tagging
efficiency

. Bs(t)+l§s(t) rate for decays to a CP eigenstate:
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NB: in case of VV decays this is valid for terms arising from the square of each of
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e Silicon Vertex Tracker

= 35umO33pm

- Triggering on displaced vertex S o am [T
at CDF opened up entirely new g o 47
. 2 1wl Online it el
area of study in Heavy Flavour 2 ok Track
physics, just at ICHEPO04: S et
- Bd’séhJ’h" (PunZi, CP'G) 8000;_ Param.
— Charm Physics (Cerri, HQ-4) o
— B->VV this talk 20002—
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SVT d, (um)

~eand Main Trigger requires:
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Why B, 2 ¢ ¢

* Db->sss transition (other SM diagrams <1%) , Bs
counterpart of B> @K™

AV Y
«  Pure penguin decay (with EWP too) \/dO‘

« Both B and anti-B, initial states decay into @@
» (time dependent) angular analysis project out the CP
components

— Access Al as in B> J/Yo (what about if they are
different ’P)

— Test polanzatlon predictions from theory (compare with

By>¢K)

* No direct asymmetry expected in the SM, but new
physics in b->sss transition motivated by S(cpKS)

naturally lead to O(1) CP asymmetry for B, > ¢ ¢
.g. M.Raidal hep-ph/020891
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A blind analysis was performed in
anticipation of a small signal rate

Normalize rate using another B;>VV
decay: B;>J/y@

*some systematic on efficiency cancel
*sizeable rate

production ratio of B¢ vs B (fs/fd) cancels
cone > K*K™ in the final state

Optimized cuts
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"~ B, > ¢ ¢ Analysis highlights @

Maximize the score function:

1 a &)

S a/2+B@)

; a=3.

where £(t) is the signal efficiency from MC
And B(t) is the expected background
From sideband estrapolation for the set

t of selection cuts.

For a=3 maximize the sensitivity region
for a 3 o discovery with 99% CL.
(G.Punzi, hep-physics/0308063)
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Optimized set of cutsfor B~ @ @
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BR = (1.4 £ 0.6(stat) £ 0.2(syst) + 0.5 (BR)) x 10
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Systematic error dominated by
normalization mode BR uncertainty and
already similar in size to the statistical
error

Theory uncertainty on polarization very
conservative (vary longitudinal fraction
in 0 % to 100% range)

Al uncertainty based on the preferred
theory value of: Al /I =0.12 £ 0.06

Polarization uncertainty indeed is related
to the shorter effective lifetime for CP
even component:

» Measure soon polarization amplitude
(signal very clean)
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BR(B; 2 ¢ ¢) (Il)

Source Relative
error on BR

Trigger efficiency 7.4 %
J/Yoyield and efficiency 8.4%
Background subtraction 3.2%
B> @@polarization 7.0%
Al uncertainty 3.2%
Sub Total 14 %
BR(J/Yo) %

Total




~~_ Even More Penguin : B* > ¢ K*
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e B* 2 ¢ K* Results L

Fit Results Normalize yield to B* > J/W K= to
measure BR, similar technique as for
B* > J/W K= B: > ¢ K
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= Which other Vectors?
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Not only Q¢!
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A further B, modes L

- e FavEs o Decay BR(10°) | BR/BR(¢@
. . includi
interesting B, 2VV  m ggﬁ;hé?gsm
decays K*0p0 1.95 0.14
(Li,Lu,Yang hep-ph/0309136)

* Only the -less K*K*- 2.10 0.009
shown in the table
here o0 1.67 0.09

 Measure them all! “

_ KKK Oanti-K™ ‘[ K*0anti-K*0 | 3.72 0.17
untagged angular ”

Trigger efficiency not included
(but expected very similar)
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Conclusion and perspective @

We have selected 12 signal candidates for the pure penguin B,2> @@
decays in 180 pb-! of CDF Il data (4.8 o evidence). We measure:

Several other charmless non leptonic decays in CDF give interesting
results also for B, 4: here penguin dominated B* - ¢K*
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Backup slides
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Bs decays to J/psi ¢ &

d*P(pit
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IN?I? ;i i
e Atwood Soni grid B

* Atwood and Soni (hep-ex/010683) proposed a method based on the study
of angular correlation in pure penguin decays (third column) compared to
a tree-penguin decays which can give y (b—>s transitions) or a (b—>d
tranS|t|ons)

The underlined modes have a color suppressed LW P contribution; the modes
enclosed in parentheses have color allowed tree contributions while the modes
enclosed in square brackets have 7% free final states.

B-meson ce-mode “f=maode Pure Penguin
B (p"w) (K= p")], (K*Fw) | [6KF], K*p"
Bt (£707), (79", (K*%p7) (K]

ww, plw
B, [, (K**p™), gee note [16] [ched], [H K]
K0
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B* 2> ¢ K*= Results
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v Bs> @@events adding the lowpt @
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] Duetothelargewidth of K* and to
its close mass value to m, we get in our
B.signal window areflection from B!
JiY K™ for B! J/Y @and from B! K"~
for BJ o

] We get an estimate of this
contribution by evaluating from M C
the efficiency of recostructing a B! J/@
K* event asB/ J/@ @and from the
measured BRsand f/f




